The hypotheses of non-addiction, myopia and rational addiction are tested using annual, quarterly and monthly data. Changes in the prices of Japanese cigarettes can be viewed as exogenous from the point of view of consumer behavior, because the Japanese government controls cigarette prices. The empirical results of this paper support the addiction hypothesis. The short-run and long-run price elasticities range from -0.338 to -0.421, and from -0.679 to -0.686, respectively; thus, increases in tax revenues in the long-run are likely to be smaller than those in the short-run.
Introduction
Because smoking is harmful to human health, many countries have instituted various anti-smoking policies. For example, the 192 members of the World Health Organization (WHO) unanimously adopted the Framework Convention on Tobacco Control (FCTC), aimed at curbing tobacco-related deaths and disease, on May 21, 2003 . This was the first international treaty negotiated under the auspices of the WHO. In Japan, smoking has also become a hot topic in the mass media and the Diet. The Health Enhancement Act (HEA; in Japanese, Ken Kou Zou Shin Ho) was implemented on May 1, 2003, and consisted, primarily, of anti-smoking legislation. Many policies and tools were mentioned in the FCTC and HEA, and an increase in cigarette taxes was clearly an important and common goal of the two acts. Thus, a clarification of the effect that tax increases are likely to have on cigarette consumption is important.
Cigarette consumption and the prevalence of smoking in Japan have been much higher than comparable rates in other developed countries. The WHO has pointed out that the provisions of the Japanese anti-smoking policy have been very lax, as compared to those of other developed countries. This observation raises the question of whether Japanese anti-smoking policies, and especially tax increases, will actually reduce cigarette consumption.
In order to eliminate some of the enormous debts of the Japan Railway and the National Forestry, the Japanese Government raised the cigarette tax rate after 1998 by introducing the 'Tobacco Special Tax'; this tax is an earmarked tax. The increase in tax revenues accruing to the Japanese government from the 'Tobacco Special Tax' is anticipated to be 260 to 280 trillion yen (about 2.413 to 2.598 trillion dollars in 2000 dollars) during the period 2000-2059. However, it is not clear that these revenues will be realized according to plan, or what the effects of this tax will be on overall tax revenues from cigarette taxation and on the social cost of smoking.
In addition, a new tobacco tax, called the 'Tobacco Health Tax,' was intro-duced on July 1, 2003. Based on the HEA, this tax was intended to decrease cigarette consumption and to increase tax revenue, thereby decreasing the deficit of the annual budget, a budget that had been reduced, due to gloomy economy prospects. However, the amount of revenue that the tax will actually generate, as well as the effects that the new tax 1 will have on smoking behavior, remain unclear.
Since the social cost of smoking is very high, tobacco control is necessary;
thus, an important issue in this respect is the question of which tobacco control policy will be most effective for Japan. Chaloupka (1991) , Becker, Grossman and Murphy (BGM, 1994) , Bardsley and Olekalns (1999) , Escario and Molina (2001) , and many other authors 2 have provided empirical results in support of the rational addiction model. The effect of anti-smoking policies, e.g., a workplace smoking ban, has been analyzed by Evans et al (1999) and by Bardsley and Olekalns (1999) Merriman (2001) and Goel (2004) , higher tobacco tax rate may cause cigarette smuggling. The cigarette smuggling in Japan is not analyzed here.
2 Bask and Melkersson (2004) analyze two addictive goods, alcohol and cigarette. Here, only one addictive goods, cigarette smoking is analyzed.
3 The price elasticity of demand for Japanese cigarettes was estimated by Saito (1991) . In the book, National Accounts, Saito estimated the price elasticity of demand for cigarettes to be −0.46, using data from the Japanese Household Consumption Expenditure survey. However, some aspects of his analysis left room for improvement, such as parts of the model and the sample, among other things. First, the analytic model used was static, because cigarettes were considered to be non-addictive goods. If smoking addiction were to be considered, the analytic model would have to be dynamic. Second, the sample included only worker households, not all households. Furthermore, the time-series data were for the period from 1954 to 1984; thus, cigarette consumption after 1985 was not analyzed.
3 increases in tax revenues in the long-run are likely to be smaller than those in the short-run.
The models employed in this paper do not address the effects of advertising, public knowledge about the health hazards of smoking 4 , demography, and other issues, because data on these variables are not currently available.
This paper is organized as follows. Smoking in Japan is described in Section 2. Rational, myopic, and non-addiction models are outlined in Section 3. The data and estimation techniques are presented in Section 4, and the empirical results are reported in Section 5. Japanese tobacco policy is analyzed in Section 6. Section 7 concludes the study. 
Tobacco in Japan

Smoking prevalence
There are data on the prevalence of smoking among Japanese adults from 1958 to 2000. There was a downward trend in smoking for males, but a stable trend for females. Figure illustrates the prevalence of smoking among Japanese adult males by generation. All generations exhibited downward trends. Figure 2 illustrates the smoking prevalence for all generations of Japanese adult females.
The younger generations exhibited an upward trend, while the older generations exhibited downward trends.
4 For example, Hsieh (1998) The ratio of imported cigarettes to total cigarettes consumed continued to rise, and increased remarkably in 1987, due to the removal of the import tax.
Tobacco taxes and pricing
The tobacco tax was set by the 'Tobacco Tax Law' and the 'Local Tax Law.' In May of 1999, the national tobacco tax rate was 2,716 yen per 1,000 cigarettes. In addition, the rate of the 'Tobacco Special Tax' was 820 yen per 1,000 cigarettes, and the rate of the 'District Tobacco Tax' was 3,536 yen per 1,000 cigarettes, of which 868 yen was to be distributed to prefectures, and 2,668 yen of that sum was to go to cities, towns and villages. 
Tax revenues
Each year, when the annual budget is formulated in the Diet, the Japanese government decides the target figure for tobacco tax revenues for the following year. The total revenue from tobacco taxes in the 1999 fiscal year was 
Social cost
According to 'Tobacco control measures in the 21st century,' a report issued by the Ministry of Health and Welfare in Japan, the extra medical expenses incurred as a result of smoking were 1.2 trillion yen (about 11.13 billion dollars in 1993 dollars) in 1993, which was just equal to the national tax revenue from cigarettes.
As indicated by Goto (1996) , the total social cost to the Japanese of having a cigarette industry was 5.6 trillion yen (about 39.64 billion dollars in 1993 dollars), while the total economic benefit was 2.8 trillion yen (about 19.82 billion dollars in 1990 dollars) in 1990. Thus, the total social loss due to smoking was 2.8 trillion yen (about 19.82 billion dollars in 1990 dollars).
Therefore, from the economic point of view, tobacco control is necessary. The prevalence of smoking among Japanese adults and youth has also been very high. Japan has been regarded as a 'smokers' heaven,' largely as a result of the lack of tobacco controls and the high prevalence of smoking.
Analytical Models
Rational addiction
The theoretical model employed here follows BGM (1994) . Consumers are assumed to be infinitely-lived and to maximize their lifetime utility, which is discounted at the rate r. The consumer's problem can be stated as
Here, C t , C t−1 are the quantities of cigarettes consumed in periods t and t-1, respectively. Y t is the consumption of the composite commodity in period t, and e t reflects the impact of unmeasured life-cycle variables on utility. The composite commodity, Y , is taken as the numeraire, so the price of cigarettes in period t is denoted by P t . The rate of interest is assumed to equal the rate of time preference. β is the time discount factor. A 0 is the present value of wealth.
The associated first-order conditions are
The utility function considered is quadratic in Y t , C t , and e t . By solving the first-order condition for Y t and C t , a linear difference equation can be derived,
where
A good is addictive if θ > 0 and the degree of addiction increases with θ.
The roots of the difference equation (4) are
and the stability conditions are
Given these roots, the temporary current, past, and future price effects are
All roots are negative, since θ 1 is negative.
The short-run price effect is
and is defined as the impact of a reduction in current and all future prices on current consumption, with past consumption held constant.
The long-run price effect is
and is defined as the effect of a permanent reduction in prices in all periods. 
Myopic addiction
Following BGM (1994), the myopic consumer is assumed to fail to consider the impact of current consumption on future utility and future consumption. Future price and consumption changes have no impact on the current consumption of a myopic addict. Under the scenario detailed in Fenn et al. (2001) , the myopic 6 See BGM (1994) for details.
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consumer faces a one-period problem:
where A t is period t income. The solution is
.
The demand equation of a myopic addict is entirely backward-looking, and current consumption depends only on current price, lagged consumption, the consumer's marginal utility of wealth, and current events. Current consumption is independent of both future consumption, C t+1 , and future events, e t+1 .
Non-addiction model
The 'non-addiction' model addresses the case in which γ equals 0 in equation (13). Here, current consumption depends only on current prices. This is a very common model of consumption demand and can be found in a standard textbook.
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Data
The data consist of yearly, quarterly and monthly time-series for the period from January 1955 to September 2003, where the yearly data are based on the Japanese fiscal year. The quarterly and monthly data are adjusted by X-12 ARIMA.
C t denotes cigarette consumption in packs per capita. These data are taken from the 'Japan Tobacco Association' and 'Public Finance Statistics'; the data consist of total sales data of cigarettes, and are divided into three subsets, according to the age of smokers: the smoking population aged ten and over, the smoking population aged fifteen and over, and the total population of smokers.
P t denotes the average real retail cigarette price per pack, which is equal to the Tobacco Price Index divided by the CPI. These data come from the 'Annual Report on the Consumer Price Index' and the 'Monthly Report on the Retail
Price Survey.'
Y t corresponds to real household disposable income per capita and is equal to total disposable income divided by the total population and the CPI. These yearly and quarterly data come from the 'Report on National Accounts.' Similarly, the monthly data come from the 'worker household disposable income' section of the 'Annual Report of Family Income and Expenditure' and, likewise, represent total disposable income per family divided by the total population.
∆Y t is the first difference of Y t .
T ax t denotes real cigarette tax revenue per capita in a given fiscal year, and is equal to total national tobacco tax revenue divided by the CPI and the total population. These data come from the 'Public Finance Statistics.' Table 1 presents the means, standard deviations, and other indicators for the primary variables in the data set. 
Unit root tests
Estimation techniques
OLS and 2SLS are used to obtain parameter estimates. The OLS estimates may not be consistent because of the endogeneity of past and future consumption, and also because of the possibility of serial correlation of the residuals. Therefore, to insure that consistent estimates are obtained, I also use 2SLS methods.
The 2SLS estimates are consistent under the instrumental variables approach 7 .
The cigarette price is totally controlled by the Japanese government. There was a special law for every increase of cigarette tax. The seven times of cigarette tax increase were done by Japanese government not because of the situation of cigarette demand but because of the heavy deficit of public finance 8 . Thus the tax (or changes in cigarette prices) is an exogenous variable for the cigarette consumer. Furthermore, price is strongly correlated with cigarette consumption; thus, it is thought to be a good instrument for cigarette consumption.
Price lags are used as the instrumental variables for past cigarette consump-7 Auld and Grootendorst (2004) point that aggregate data tend to yield spurious evidence in favor of the rational addiction hypothesis. But it is also pointed in the 9th page of their paper that instrumental variable estimates of the coefficients on the lag and lead of consumption are consistent if prices are exogenous.
8 See 'The History of Japanese Tobacco Monopoly' (in Japanese, Nihon Tabako Senbaishi).
tion, while price leads are used as the instrumental variables for future cigarette consumption. Finally, the Wu test is used to determine whether OLS estimates are consistent.
Empirical results
Non-addiction and myopic addiction
The estimated values for the myopic and non-addiction models are reported in Table 3 9 (C t is divided by the population aged 15 and over). The 'non-addiction' column presents the parameter estimates for the non-addiction model. The 'basic' column presents the parameter estimates for the basic myopic addiction model. All coefficients from the OLS and 2SLS regressions are significant at the 1% level. In the Wu test, the hypothesis that the OLS estimates are consistent cannot be rejected at the 5% level; therefore, the OLS estimates can be considered efficient when compared to those from the 2SLS procedure.
The 'non-addiction' model corresponds to the case in which γ = 0 in equation (13). The OLS coefficient of C t−1 in the 'basic' model is significant at the 1% level. Thus, the 'non-addiction' model is not supported.
The 'expanded' column presents the parameter estimates for the expanded myopic addiction model. When the one-period lead price is added to the basic myopic addiction model, its OLS coefficient is significant at the 5% level, and its 2SLS coefficient is significant at the 1% level. These results suggest that current consumption depends on future prices. Thus it rejects myopic addiction model but is consistent with a rational addiction hypothesis. In a rational addiction model, a reduction in future prices brings about higher expected future consumption, which, in turn, raises current consumption. Hence, these results challenge the validity of the myopic addiction model. The hypothesis in the Wu test, that the OLS estimates are consistent, cannot be rejected at the 5% level.
Rational addiction
C t divided by the smoking population aged 15 and over
The estimated parameter values for the rational addiction model are reported in Table 4 (C t is divided by the smoking population aged 15 and over). The 'yearly,' 'quarterly,' and 'monthly' columns present the estimates for the rational addiction model using yearly data, quarterly data, 10 and monthly data 11 . The three results are very similar.
The hypothesis in the Wu test that the OLS estimates are consistent cannot be rejected at the 5% level. Thus, the OLS estimates are considered consistent and efficient. The OLS and 2SLS coefficients on C t−1 , C t+1 and P t are significant, and these results provide sound support for the rational addiction model.
The OLS and 2SLS coefficients on Y t in the 'yearly' column are positive but are not significant at any conventional level. These results suggest that current consumption does not depend on real disposable household income.
The coefficient on ∆Y t in the 'quarterly' column is also not significant. The coefficient on ∆Y t in the 'monthly' OLS column is significantly negative.
The estimated values satisfy the stability conditions given in equation (6).
The rational addiction hypothesis is strongly supported by all three results.
Using these coefficients and the sample means from Table 1 , I estimate the short-run and long-run price elasticities, which are shown in the rows labeled 'short-run ' and 'long-run .' The long-run price elasticity is about two times as large as that for the short-run.
According to the results derived from the yearly data, a 10-percent permanent increase in the price of cigarettes should reduce current consumption by 3.38 percent in the short-run, and by 6.59 percent in the long-run.
C t divided by the total population of smokers
In this case, the coefficient on price is not significant, and the stability condition is not satisfied. The rational addiction model is not supported, while the myopic addiction model is supported, possibly because consumers are not given the choice to quit smoking in the latter model. This result is not contradictory to the sense of the rational addiction model, because, in that model, the consumer has the option to quit.
Comparison with the U.S.
According to BGM (1994) The total increase in tax revenues resulting from the 'Tobacco Health Tax' is anticipated to be about 240 trillion yen.
The increase in tax revenues accruing to the Japanese government as a result of the 'Tobacco Special Tax' is anticipated at 260 to 280 trillion yen. Because the long-run price elasticity is about two times as large as the short-run price elasticity, the long-run increase in tax revenues will be much smaller than that in the short-run. According to my calculations (Table 5) , the increase in tax revenues will be less than 260 billion yen after 2003, because of the 'Tobacco Health Tax'. Therefore, the debt compensation programs will not go according to plan.
According to Goto (1996) , the pure social cost of smoking was 173.913 yen per pack in 1990. The reduction of pure social cost resulting from the 'Tobacco Special Tax' and from the 'Tobacco Health Tax' is estimated in Table 5 , in which I also assume that all other conditions are unchanged. The reduction of the pure social cost of smoking should become greater with time and should be much greater than the reduction that accrues in the increased tax revenue.
Better policy for tax revenue
The smoking rate for Japanese males has declined. One can infer from the trend of smoking rate (or the minus coefficient of time in the Table 4 ) that consumers will probably reduce cigarette consumption gradually in the future, because of a greater awareness of health hazards, among other reasons. Thus, total cigarette consumption should decrease in the long-run. Although the current policy for total tax revenue maximization in the long-run is a lower tax rate in an unchanged smoking environment, a better policy for raising tax revenue would be to increase the current tax rate, if the government expects consumers to reduce their cigarette consumption in the future. Therefore, increases in the 'Tobacco Special Tax' and the 'Tobacco Health Tax' should be considered as better policies for raising tax revenue. In addition, the absolute value of the long-run price elasticity is smaller than one, and thus tax increases should increase total tax revenues.
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Tobacco control
Due to the enormous social cost of smoking, the WHO and many other groups have proposed tobacco control policies. The Japanese government has also introduced many tobacco control provisions, most of which have been voluntary.
Because price increases tend to have a negative effect on consumption, an increase in the cigarette tax would be an effective means of further tobacco control.
Furthermore, such increases would be most effective in the long-term, since consumers are more sensitive to events taking place in the long-run than they are to those that occur in the short-run.
Conclusion
Japanese cigarette consumption has been analyzed in this study using nonaddiction, myopic and rational addiction models. This analysis obtains some evidences that are not consistent with the non-addiction and myopic addiction hypotheses but consistent with the rational addiction hypothesis. The real cigarette price has a negative effect on consumption, while the effect of real household disposable income on consumption is not significant. The long-run price elasticity is about two times as large as the short-run elasticity. Thus, any long-run increase in tax revenues resulting from higher tax rates is likely to be much smaller than that in the short-run. The debt compensation programs of the Japan Railway and the National Forestry will not proceed according to plan, as the 'Tobacco Health Tax' was imposed on July 1, 2003. On the other hand, these price increases should reduce the total social cost resulting from smoking and should constitute a good anti-smoking policy, bearing in mind the current state of regulations that are otherwise lax in Japan.
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